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$X$ (weight)
$w(X)$ $X$ $Y$ $f$ : $Xarrow Y$ $Z$





$Z$ $f$ : $Xarrow Y$ $(Z, g, h)$
$X$ $f$ $Z$ $h$
Marde\v{s}i\v{c} [8, Theorem 1] $X$
$Y$ $f$ : $Xarrow Y$ $Z$ $\dim Z\leq\dim X$
$w(Z)\leq w(Y)$ $f$ $(Z, g, h)$ (
$\dim X$ $X$ ). $Y$ $Z$
([8, Lemma 4]). Mardes$\vee i\acute{c}$
(cf. [12]).
[3]
$Y$ $2^{Y}$ $\Psi$ : $Xarrow 2^{Y}$
(upper semicontinuous) $Y$ $F$
$\Psi^{-1}[F]=\{x\in X:\Phi(x)\cap F\neq\emptyset\}$
$X$ $\Phi$ : $Xarrow 2^{Y}$ (lower
semicontinuous) $Y$ $U$ $\Phi^{-1}[U]$ $X$
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$Y$
$\mathscr{F}(Y)=\{F\in 2^{Y}$ : $F$ $Y$ $\}$
$\mathscr{C}(Y)=$ { $C\in 2^{Y}$ : $C$ }
$X$ $Y$ $\Phi$ : $Xarrow \mathscr{F}(Y)$
$Z$ , $g:Xarrow Z$ $\varphi:Zarrow \mathscr{F}(Y)$
$(Z,g, \varphi)$ $\Phi$ (weak factorization) :
$\bullet$ $Z$ $w(Z)\leq w(Y),$ $g$ $\varphi$
$\bullet$ $x\in X$ $\varphi(g(x))\subset\Phi(x)$ .
Michael [9] Choban and Nedev [2]
(cf. [11]).




(b) $X$ 2 $x\in X$ $\Phi(x)\in$ (Y) $\cup$ { $Y$}.
$\Phi$ $(Z, g, \varphi)$
$X$ $Y$ ( ) $\Psi$ : $Xarrow$
$\mathscr{F}(Y)$ $Z$ , $g\cdot:Xarrow Z$ $\psi$ : $Zarrow \mathscr{F}(Y)$
$(Z, g, \psi)$ $\Psi$ ( ) (factorization)
:
$\bullet$ $Z$ $w(Z)\leq w(Y),$ $g$ $\psi$ ( ).




$\Psi$ : $Xarrow 2^{Y}$ (strongly upper semicontinuous)
$Y$ $3A$ $\Psi^{-1}[A]$ $X$
1 $X$ $X$
2 $X$ (discrete) $\{F_{\alpha}:\alpha\in A\}$ (disjoint)
$\{U_{\alpha} :\alpha\in A\}$ $\alpha\in A$ $F_{\alpha}\subset U_{\alpha}$ $X$ (collectionwise
normal)
3 $X$ $A$ (zero set, functionally closed set)
$f$ : $Xarrow \mathbb{R}$ $A=\{x\in X:f(x)=0\}$ $\check{c}$
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$\Phi$ : $Xarrow 2^{Y}$ (strongly lower semicontinuous)
$Y$ $4A$ $\Phi^{-1}[A]$ $X$
( ) ( )
( ) ( )
$\Psi$ : $Xarrow \mathscr{F}(Y)$ ( )
$\Psi$ ( ) Gutev [4]
2 (Gutev [4]). (1) $X$ $Y$
$\Phi$ : $Xarrow \mathscr{F}(Y)$ $(Z, g, \varphi)$
(2) $X$ $Y$ $\Psi$ : $Xarrow$
$\mathscr{C}(Y)$ $(Z, g, \psi)$
2 $Y$ $Y$
$\Phi(\Psi)$ ( )
3. 5 $X$ $Y$
$\Psi$ : $Xarrow \mathscr{C}(Y)$ $(Z,g,\psi)$
$X$ $G_{\delta}$ 6 $X$ (perfect)
3
4. $X$
$Y$ $\Psi$ : $Xarrow \mathscr{C}(Y)$
$(Z, g, \psi)$
5. Bing [1] 4
3
$X$
4 $X$ $A$ (cozero set, functionally open set)
$f$ : $Xarrow \mathbb{R}$ $A=\{x\in X:f(x)\neq 0\}$
5 $X$ (countably paracompact) $X$
$X$
6 $X$ $A$ $A$ $X$ $G_{\delta}$
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$X$ $Y$ $\Psi$ : $Xarrow \mathscr{C}(Y)$
$(Z,g, \psi)$
Graph $(\Psi)=\{(x’, y)\in X\cross Y : y\in\Psi(x)\}$
$X\cross Y$ 7. $X$ $Y$
6. $X$ $Y$
$\Psi$ : $Xarrow \mathscr{C}(Y)$ Graph $(\Psi)$ $X\cross Y$
$\Psi$ $(Z, g, \psi)$




$\Psi$ : $Xarrow \mathscr{C}(Y)$ Graph $(\Psi)$ $X\cross Y$ $G_{\delta}$ Graph $(\Psi)$
$X\cross Y$
8. $X$ $Y$
$\Psi$ : $Xarrow \mathscr{C}(Y)$ Graph $(\Psi)$ $X\cross Y$ $G_{\delta}$ $\Psi$
$(Z, g, \psi)$
$Y$ 6 8
$\Psi$ : $Xarrow$ (Y) $\delta$- (upper $\delta$-continuous)
$\Phi_{n}$ : $Xarrow \mathscr{C}(Y)$ $\{\Phi_{n}\}$ $x\in X$
$\grave{\Psi}(x)=\cap\{\Phi_{n}(x):n\in \mathbb{N}\}$ ([5]).
([3, 3.12.28]), $\delta$- Gutev, Ohta and
Yamazaki [5, Lemma 4.7]
9 (Gutev, Ohta and Yamazaki [5]). $X$ $Y$ $\delta$-
$\Psi$ : $Xarrow \mathscr{C}(Y)$ $(Z, g, \psi)$
7 Graph $(\psi)$ $Z\cross Y$ Graph $(\psi)=\{t\in$
$Z\cross Y$ : $f(t)\neq 0\}$ $f$ : $Z\cross Yarrow \mathbb{R}$ $h$ : $X\cross Yarrow \mathbb{R}$
$(x, y)\in X\cross Y$ $h(x, y)=f(g(x), y)$ $h$ Graph $(\Psi)=\{s\in X\cross Y$ :
$h(s)\neq 0\}.$
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$X$ $Y$ $\Psi:Xarrow \mathscr{C}(Y)$
10. $X$ $Y$ $\Psi$ : $Xarrow \mathscr{C}(Y)$
:
(a) $Y$ Banaeh $E$ $\Psi$ : $Xarrow \mathscr{C}(E)$ $\delta$-
(b) $\Psi$ : $Xarrow \mathscr{C}(E)$ $\delta$- $Y$ $E$
(c) $\Psi$ $(Z,g, \psi)$
11. $\Psi$ : $Xarrow \mathscr{C}(Y)$ $\delta$- $Y\subset E$
$\Psi$ : $Xarrow \mathscr{C}(E)$ $\Psi$ $\delta$- $\cdot$ 10 $(a)-(c)$
(d) $\Psi$ : $Xarrow \mathscr{C}(Y)$ $\delta$-
Gutev, Ohta and Yamazaki [5, Example 2.12] $\Psi(x)\subset$
$\Phi(x),$ $x\in X$ $\Phi$ : $\mathbb{R}arrow \mathscr{C}(\mathbb{N})$
$\Psi$ : $\mathbb{R}arrow \mathscr{C}(\mathbb{N})$ $\Psi$
$(\mathbb{R}, id_{\mathbb{R}}, \Psi)$ $\delta$- 10 $(a)-(c)$ (d)
$Y$ Banach $\Phi$ : $Xarrow$ (Y)
10 $(a)-(c)$ (d) Gutev, Ohta and Yamazaki
[5, Lemma 4.7]
$\Phi$ : $Xarrow 2^{Y}$
$f$ : $Xarrow Y$ $\Phi$ $x\in X$




$f:Xarrow Y$ Baire class 1 $X$ $Y$
$\{f_{n}\}$ $x\in X$ (x) $arrow$ f(x)
Hansell, Jayne and Talagrand [6] (cf. [7,
Theorem 3.1, 3.4 Remark] $)$ .
8 $\Phi$ : $[0,1]arrow 2^{[0,1]}$ $0\leq x<1/2$ $\Phi(x)=\{0\},$ $x=1/2$ $\Phi(x)=[O, 1],$
$1/2<x\leq 1$ $\Phi(x)=\{1\}$ $\Phi$ $\Phi$
$x=1/2$
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12 (Hansell, Jayne and Talagrand [6]). $Z$ $Y$
$\psi$ : $Zarrow$ (Y) $\psi$ Baire class 1
12 3, 6, 9
13. (1) $X$ $Y$ $\Psi$ : $Xarrow$
(Y) $\Psi$ Baire class 1
(2) $X$ $Y$ Banach $\Psi$ : $Xarrow \mathscr{C}(Y)$
Graph $(\Psi)$ $X\cross Y$
$\Psi$ Baire class 1
(3) $X$ $Y$ $\Psi\cdot$ : $Xarrow \mathscr{C}(Y)$ $\delta$-
$\Psi$ Baire class 1
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